We propose a new method -Cubic Higher-order Local Auto-Correlation (CHLAC) 
Introduction
Recently motion recognition in the real world, especially gait recognition, has received increased attention because of greater concerns regarding security. Security cameras are located in more and more places to monitor the actions of people, search for suspicious persons, and identify people at entrance gates. Gait recognition -identifying a person's gait from a motion-image sequence -is one form of biometric identification. In real-world applications, many persons typically appear in a motion-image sequence, and the ability to identify all of these persons at once is desirable.
Much research effort has been done on gait recognition, and almost all studies have focused on features of the human body -e.g., angles of human joints [2] , human body part lengths [3] , moments [8] , or boundary coordinates [7] in a human body silhouette. Such heuristic approaches are based on the following premise. Persons appearing in an image must be traced, and whether an object in an image is actually a human must be determined by checking the combination of the parts. Furthermore, with such approach no more than one person can be identified at a time, so when more than one person appear in an image sequential searches for each of the individuals are needed. However, such procedural processing is complicated (with switching of the process) and is considered unstable.
In this paper, we propose Cubic Higher-order Local Auto-Correlation (CHLAC) which is based on correlation. The idea of correlation is considered to be associated with relative motion which is seen in Biological Motion (Fig. 1) in [4] . In [4] , a human was equipped with point-lights, and then that person's movement was observed in darkness. In other words, all point-light motion is organized spontaneously into the percept of a moving figure. This phenomenon is explained as a factor of common fate in Gestalt psychology. In this case it is considered that motion recognition requires the knowledge not of the body structure, but of the relative motion of each body part. By taking into account correlation or relative motion, we can construct such an approach that can process motion-image sequences in the same way regardless of whether the object is human. 
Cubic Higher-order Local Auto-correlation (CHLAC)
Higher-order Local Auto-Correlation (HLAC) was proposed for extracting "spatial correlation", and has been shown to work efficiently in image recognition [6] . We extend this naturally to Cubic Higher-order Local AutoCorrelation (CHLAC) to deal directly with three-way data, especially a motion-image sequence.
Letting ´Öµ be three-way data with Ö Ǘ Ý Þµ Ø , the AE-th order auto-correlation function is defined as
where ´ ½ ¡ ¡ ¡ AE µ are displacement vectors between Ö and the positions to correlate with Ö. Eq.(1) takes many different forms if we vary AE and , but we limit to a local region ¿ ¢ ¿ ¢ ¿ around Ö and AE to less than or equal to 2. Note that the ¿¢¿¢¿ region is not necessarily limited to adjacent positions and could be taken sparsely in a local region around the reference point Ö. A feature extracted by CHLAC corresponds to a value of Ü AE´ ½ ¡ ¡ ¡ AE µ, which is determined by one set of ½ ¡ ¡ ¡ AE . However, the value remains the same if the patterns of´Ö ½ ¡ ¡ ¡ AE µ are identical in the point configuration because of a uniform shift. Therefore, in the CHLAC features, we eliminate such duplicate sets. In the computation, we construct mask patterns such as Fig. 2 . These mask patterns indicate Ö and . We first multiply the values of the gray positions in the mask pattern and then sum up the resulting value for the whole region as three-way data by shifting the mask pattern. There are 279 mask patterns, and this number is reduced to 251 for binary data (whose value is 0 or 1). In this study, we converted motion-image sequences to binary data, therefore 251 mask patterns were used.
This CHLAC method extracts features from data in just one step. We can easily calculate this step because it consists only of multiplication and addition, so this is a very simple method. Furthermore, it has three preferable proper- Shift-invariance to data because of integration.
Robustness to noise in data because correlation is robust to additive noise.
The property of additivity makes it possible to identify multiple persons simultaneously, and segmentation of the human figure is not necessary because of shift-invariance.
Recognition
For a motion-image sequence, we need some preprocessing before applying CHLAC feature extraction.
First, a motion-image sequence, which consists of threeway data along the x-axis and y-axis of an image frame and along the time-axis in the frame-sequence direction, is separated into many smaller units of three-way data which we call "cubic data" (Fig. 3) . That is, by setting a time-window along the time-axis, we can regard the frames within the time-window as cubic data. Many cubic data are generated by shifting the time-window one frame at a time. Recognition can then be carried out at each time by processing the corresponding cubic data.
For recognition, motion pixels are extracted by subtracting a frame at time Ø ½ from a frame at time Ø and applying binarization [5] (Fig. 4) . As a result, we obtain pixel values 1 or 0 which respectively indicate "moved " or "static". Next, CHLAC is applied to the cubic data created through the above process. This corresponds to extracting motion correlation as a feature of human motion because CHLAC is based on the correlation of pixels in cubic data which indicate motion. In cubic or spatio-temporal correlation by CHLAC, spatial correlation is used to extract a moving human shape and temporal correlation is used to extract a human motion. In our results, we obtained a 251-dimensional feature vector from each cubic data. 
Experimental results
We have applied this method for action and simultaneous multiple-person identification from a motion-image sequence. Motion-image sequences of five persons walking and running left, right in frontal-parallel directions were captured. That is, for each person, there were four kinds of action: leftward walk, leftward run, rightward walk, and rightward run. These data were captured at 30 frames per second (fps) from digital video tape; they were encoded to MPEG images of size ¿ ¾ ¢ ¾ ¼. The size of each person's figure in the image was about ¿¼ ¢ ¼. We obtained about 2000 cubic data (Fig. 3) . It takes 700ms to calculate the CHLAC feature associated with one frame (using Pentium IV 2.2GHz with no special optimization).
First, in a basic experiment on action recognition, there were four resulting classes (categories): rightward walk, leftward walk, rightward run, and leftward run. One-third of cubic data in each action were used for training data and the others were test data. For recognition, we applied Fisher discriminant analysis to the data. Each input data was classified into the class whose mean was nearest to the input data. Here we regarded the mean of each class as being the representation of an action. The results are shown in Table  1 with different time-widths.
Next, in a basic experiment on gait or person identification (five persons), we used the same process as above in selecting test and training data and in discrimination. The results are shown in Table 2 , where identification was done 
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respectively for each action and for all. The width of the time-window was fixed to 30 frames.
In the following sections, we discuss the results of more realistic experiments, where the width of the time-window was again fixed to 30 frames.
Action identification
In the real world, human action is variable rather than constant, so we need to recognize the transition from one action to another. In this experiment, we obtained 134 frames test data by uniting the rightward walk data and rightward run data and the transition point was the 77th frame; i.e., the human action changed from a rightward walk to a rightward run at the 77th frame. The transition of the action is clearly shown as the straight line between two action categories in the discriminant space (Fig. 5) , and appeared at the 93rd frame (Fig. 6 ) since there was a 16-frame delay due to the width of the time-window in the cubic data. Initially, the cubic data consisted of only the frames of rightward walk, and then the ratio of the frames of rightward run increased once the transition occurred. This is described as follows due to the additivity of CHLAC features.
where Ü is the vector including the transition, Ñ Û and Ñ Ö are the mean vectors of rightward walk and run respectively, and « is the ratio of the frames of rightward run to the total frames in the cubic data. Eq. (2) is a vector equation of a straight line, thus the transition was represented as a straight line as actually seen in Fig. 5. 
Simultaneous multiple-person identification
It is rare that only one person appears in a camera image, and multiple persons are usually captured. In that case, most methods require that a search must be done for each person for individual identification. That means at least two processes, tracking and identification, are needed. However, more processes usually lead to greater system instability. Thus, a method that can identify multiple persons at the same time is desirable, and CHLAC makes this possible. In this experiment, we created test data by combining the second person data (rightward walk) and the third person data (leftward run) in which occlusion is not included. We used all types of action data: rightward walk, leftward walk, rightward run and leftward run, for the person identification.
Because of the property of additivity and shiftinvariance, the CHLAC feature of multiple persons can be factorized as
where Ü is a CHLAC feature vector of multiple persons, ´ ½ ¡ ¡ ¡ µ is a CHLAC feature mean vector of the th person, « is 1 or 0 indicating whether or not the th person is shown in the image, and¯is a residual error vector. Then, the least-square solution of Eq. (3) is given bý
where is a matrix ½ ¡ ¡ ¡ . In Eq.(4), the only condition is that has full column rank 5, which is usually satisfied for original 251-dimensional vector Ü. In the identification, the values of « ½ ¡ ¡ ¡ « are rounded off, so that multiple persons can be identified at the same time. We computed the identification rate as the ratio of the number of correct frames to the number of total frames. The result was 0% for the original vector. This result implies that the feature vectors are not well clustered in original CHLAC feature space. Thus, it is suggested to use Fisher discriminant analysis to improve clustering. However, its ordinary use results in 4-dimensional mapped vectors and does not satisfy the full-rank condition in Eq.(4). Therefore, to avoid this problem by increasing the dimensionality, we extended Fisher discriminant analysis, employing also the eigenvectors associated with the eigenvalue of zero. The experimental result was 100% for the extended Fisher vector, since the feature vectors were completely clustered in the extended Fisher discriminant space (Fig. 7) . In reality, occlusion of persons may lead to identification error in the very moment of the occlusion, however there are several methods to cope with the problem, such as utilization of histories. 
Conclusion
We have developed a new method -Cubic Higher-order Local Auto-Correlation (CHLAC) -as a natural extension of HLAC [6] . We have shown here that the CHLAC method is not so dependent on the time-window width and is effective even for realistic problems: action and simultaneous multiple-person identification. Of particular importance, this method makes it possible to identify multiple persons at the same time, which can hardly be done with previously reported methods. CHLAC is, however, sensitive to scale variance, but there is possibility to make CHLAC scaleinvariance along the lines of [1] . The CHLAC method is so general that it is widely applicable to various other kinds of three-way data analysis and recognition in addition to that of motion-image sequences.
